This study was conducted to analyze the activity of masticatory muscles depending on the presence of temporomandibular joint disorders (TMD) when foods of various hardness are masticated.
Background
With the growing awareness of the importance of oral health, temporomandibular joint disorder (TMD) has received increased public interest [1] . TMD includes a wide variety of functional disorders involving the temporomandibular joint and masticatory muscle, and is associated with general symptoms such as pain, limited movement, muscle stress, and joint soundness [2] . It is a pain syndrome commonly affecting the head and face [3] , and 75% of all people experience at least 1 general symptoms of TMD during their lifetime [4] . Its prevalence is highest in people ages 20-50 years, and women are twice as likely to be affected than men [5] .
The main symptoms of TMD are muscle pain, pain at and functional deterioration of the temporomandibular joint, limited movement of the mandible, and movement of the mandible with pain [1] . Pain may also be experienced in other parts of the body, such as the ear, temple, forehead, larynx, spine, and shoulder girdle [6] , and associated symptoms include joint unsoundness and mandibular deviation [7] . Most of all, as deteriorated masticatory function is prone to lead to food deprivation, it could eventually cause deterioration of quality of life [8] . Etiological causes of TMD may widely vary, in addition to biological, environmental, sociological, emotional, and cognitive etiologies [9] . Emotional tension, loss of teeth, occlusal interferences, masticatory muscle disorder, incorrect posture, and variation of temporomandibular joint structure are closely associated with TMD [10] .
Anatomical structure problems of the TMD can be diagnosed by CT, MRI, or X-ray images [11] . MRI is an optimal method to comprehensively evaluate a patient with signs and symptoms of TMD [12] . This examination is, however, expensive, not easily accessible, and somewhat limited in assessing clinical symptoms [11] . In addition, other available technologies for diagnosis of TMD include mandibular Kinesiography (MKG) [13] , electromyography [14] , and ultrasonography [15] . Sforza et al. [16] suggested that mandibular kinematic and surface electromyography analysis are very useful in diagnosing TMD.
The study conducted by Tosato and Caria [17] showed there were significant difference between the articular disorder group and the asymptomatic group during isometric contraction by measuring muscle activity after dividing the temporomandibular joint disorder group into 4 groups (articular disorder group, myogenic disorder group, mixed disorder group, and asymptomatic group) based on surveys and clinical trials. The study by De Felicio et al. [8] found no difference between the temporomandibular joint disorder group and the control group, other than the fact that the temporomandibular joint disorder group had lower average amplitude than the control group, based on the comparison of masticatory muscle activity between these 2 groups during mastication of sugar-free gum. Mapelli et al. [18] found that the masseter muscle activity of the severe disorder group was lower than in the control group, based on comparison of masseter muscle activities among 3 groups (severe disorder group, moderate disorder group, and control group) during mastication of sugar-free gum.
Previous studies, however, did not classify the subjects with malalignment of temporomandibular joint but without pain. This is because it is difficult to diagnose TMD, since the evaluation of movements of the temporomandibular joint and joint noise is conducted through surveys or from an objective perspective [19] [20] [21] , and patients describe symptoms in many different ways [22] . Consequently, it shows that treatments are not being delivered properly, because the criteria for TMD are comprehensive and a definite mechanism is yet to be established [23] .
Moreover, previous studies made measurements by mastication of chewing gum or by maximum voluntary contraction. These methods fail to reflection the actual situations in which foods of various degrees of hardness are being masticated, and further studies need to be performed concerning mastication of food under diverse conditions. Therefore, the present study sought to establish criteria for diagnosis of TMD through surveys and screening tests, and also analyzed the activities of the masseter muscle and temporalis muscle that occur during mastication of food depending on presence of TMD. We hope our results will provide a basis for development of diagnostic criteria for TMD by using the EMG information obtained during mastication.
Material and Methods

Subjects
We enrolled 20 adult men and women currently studying at our university located in Seoul. The inclusion criteria were: all permanent teeth without any prior history of orthodontic therapy [1] , and without any skeletal or dental anomaly and without any prosthetic treatments and maxillofacial operations.
Exclusion criteria were: currently undergoing orthodontic therapy, suffering mental illness or debilitating neurological diseases, cutaneous disorders or trauma at the measurement sites, and incapable of filling out the study-related forms.
All subjects for this study were chosen only after they fully understood the experiment, were given a complete explanation concerning the procedures and anticipated effects, and signed the consent form to participate in this study.
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The study was approved by the Clinical Trial Review Committee of Sahmyook University.
Procedure
The study had a cross-sectional design. There were 3 study groups: a Temporomandibular Dysfunction Group (DG), a Temporomandibular Joint Malalignment Group (MG), and a Control Group (CG), and subjects were assigned to groups based on the results of surveys and screening tests. The questionnaire used prior to the experiment was the Helkimo index, which consists of 2 parts. The first part is an anamnestic component asking 3 questions about name, age, and gender, and 8 true-false questions concerning the temporomandibular joint. The second part is an examination to assess clinical dysfunctions such as mandibular opening, deviation during lowering, pain and dysfunction of the temporomandibular joint, and muscle pain. This index has been used to measure the severity and pain of patients with TMD [1] . In this study, the anamnestic component was used to categorize the subjects. The activities of the masseter muscle and temporalis muscle were assessed based on the hardness of foods and temporomandibular joint condition.
The screening test consists of 6 categories examining crepitus, pain, and presence of left/right deviations. To minimize errors from the screening test, all subjects were examined by a physical therapist. Participants with crepitus or lateral deviation of the mandible with pain were classified into the DG group, and participants with no symptom (pain and/or crepitus) but with mandible deviation were classified into the MG group. The subjects in the Control Group (CG) were healthy without any problem with their temporomandibular joint.
Surface electromyography (SEMG: Telemyo 2400 GT Telemetry EMG system, Noraxon, USA, 2007) was performed to assess masseter muscle and temporalis muscle activities of subjects. Muscle activities were measured while the subjects put the food in their mouth and chewed. To prevent errors of measurement, electrodes were attached to the most developed muscle belly, while the distance between electrodes were maintained at 2 cm after hairs were removed and the sites were thoroughly cleaned with alcohol. The RVC was measured when subjects bit down strongly for 5 s on a 10-mm-thick cotton pad positioned between the lower and upper jaws, and this procedure was repeated 3 times to gain average values. Subjects masticated foods with 3 different levels of hardness (marshmallows for soft, jelly for sticky, and candy for hard) in a random order, and they were measured for muscle activities at the same time. The average values summing the values of left/right muscle activities measured were evaluated as results. Subjects were instructed to put each of the food items in their mouth and masticate them as naturally as possible.
For the following experiments, subjects cleansed their mouth in order to remove any remaining food by sipping water and were allowed to take a short break [24] .
Measurements
Surface electromyography (SEMG: Telemyo 2400 GT Telemetry EMG system, Noraxon, USA, 2007) was performed to assess activities of the masseter muscle and temporalis muscle.
Collected data was stored and analyzed using software for electromyography (MyoResearch Master 1.06 XP). A sampling rate was set at 1000 Hz and frequency bandwidth was 10~450Hz. The EMG signals measured from the muscle were processed through a root mean square (RMS), which provides a value close to actual values of EMG signals, following rectification, and an ECG filter was used to minimize the effects from electrical signals of trunk heartbeat. EMG signals from each muscle were normalized through a percentage and used for analysis. During the EMG analysis, measurements of RVC were conducted for 5 s with consideration of individual effects of study subjects. For the average activity, measured values for 3 s during movements excluding the first 1 s and the final 1 s were used, and the average value summing the values of left/right muscle activities measured were evaluated as results.
Statistical analysis SPSS 21.0 was used for statistical analysis. Normality tests were conducted on all data with Shapiro-Wilk test, and all data were assessed for normality of distribution. Because 3 groups were compared to each other, one-way repeated-measures ANOVA was performed. To assess differences between groups, post hoc tests were conducted with the Duncan multiple range test. The level of statistical significance was set at 0.05.
Results
A total of 20 participants were recruited in this study. No significant differences were found in general characteristics of participants in each group (Table 1) . 
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The values of masseter muscle activity measured during mastication of soft food were 34.14% RVC from the DG, 38.96% RVC from the MG, and 60.25% RVC from the CG. The values of temporalis muscle activity were 28.19% RVC from the DG, 40.77% RVC from the MG, and 61.35% RVC from the CG. Based on the experiment findings, the values of masseter muscle activity from the DG and MG showed statistically significant differences from that of the CG (p<0.05), and the values of temporalis muscle activity showed a statistically significant difference from the DG and CG (p<0.05) (Figure 1 , Table 2 ).
The values of masseter muscle activity measured during mastication of sticky food were 48.05% RVC from the DG, 46.04% RVC from the MG, and 79.95% RVC from the CG. The values of temporalis muscle activity were 37.5% RVC from the DG, 79.95% RVC from the MG, and 83.55% RVC from the CG. Based on the experiment findings, the values of masseter muscle activity from the DG and MG showed statistically significant differences from that of the CG (p<0.05), and the values of temporalis muscle activity also showed statistically significant differences from the both disorder groups and the CG (p<0.05) (Figure 2 , Table 3 ).
The values of masseter muscle activity measured during mastication of hard food were 38.81% RVC from the DG, 58.74% RVC from the MG, and 66.28% RVC from the CG. The values of temporalis muscle activity were 25.02% RVC from the DG, 61.5% RVC from the MG, and 70.63% RVC from the CG. Based on the experiment findings, the values of masseter muscle and temporalis muscle activities from the MG and CG showed statistically significant differences from that of the DG (p<0.05) ( Figure 3 , Table 4 ).
Discussion
This study was conducted to compare activities of masseter muscle and temporalis muscle depending on the presence of TMD during mastication of food with diverse textures.
From prior studies, Mapelli et al. [18] suggested that TMD hinders maximum contraction of muscles by affecting activities of muscles, and patients with TMD do not increase masticatory force in order to reduce masticatory movements and muscle pain. Ardizone et al. [25] reported that patients with TMD showed maximum voluntary contraction from the masseter muscle and temporalis muscle, and Peck et al. [26] found that changes in masticatory movements were evident from patients with TMD for a long period of time due to accompanying pain.
The present study was performed determine whether not only TMD, but also malalignment of temporomandibular joint, 
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affects muscle activities. According to the findings from this study, the DG and MG both showed significant differences (p<0.05) in activities of masseter muscle and temporalis muscle during mastication of sticky food, and the MG and CG both showed significant differences (p<0.05) from the DG in activities of masseter muscle and temporalis muscle during mastication of hard food. As a result, it was confirmed that malalignment alone in the temporomandibular joints affected the movements of masseter muscle and temporalis muscle during mastication of sticky food; and it was also verified that activities of the masseter muscle and temporalis muscle were affected by the presence of pain during mastication of hard food.
In previous studies, the groups with TMD were classified through surveys and screening tests of patients. Tosato and Caria [17] subdivided subjects into 4 groups based on RDC-TMD questionnaire and clinical trials, De Felicio et al. [8] established a group with TMD based on a few criteria in addition to the ProTMD multi-part II questionnaire, and Mapelli et al. [18] divided subjects into 3 groups based on results of the ProTMD multi-questionnaire and clinical trials. However, these previous studies did not classify patients with malalignment of temporomandibular joint but without pain. Hence, the present study used the Helkimo index and screening tests to classify TMD. In the present study, the classification methods for TMD used by previous studies were supplemented through 8 question within Helkimo index and 6 categories in the screening test, which enabled our study to classify patients with malalignment of temporomandibular joint but without pain as a Malalignment Group.
Mapelli et al. [18] measured the maximum voluntary mastication of the masseter muscle and temporalis muscle during mastication of sugar-free gum, and De Felicio et al. [18] measured the maximum voluntary contraction of the masseter muscle and temporalis muscle during mastication of sugar-free gum, but these previous studies failed to assess mastication of food with a variety of hardness in daily life. Therefore, the present study focused on measuring activities of the masseter muscle and temporalis muscle during mastication of food with 3 different levels of hardness.
Among some subjects in this study, RVC% data exceeded 100% RVC when muscle activities were measured, showing that subjects did not bite the rubber tube with maximum force during the test of voluntary contraction references. This may be because the changeability among study subjects from all variables of SEMG is caused by the diversity of SMEG characteristics as a result of anatomical and physical factors, such as the thickness of muscle fibers or hypodermal layers, distribution and number of fibers inside the muscle, length of muscle fibers, and timing of muscle contraction [24] .
While conducting this study, some participants did not experience any pain despite having malalignment of temporomandibular joints. These participants did not originally plan to go through treatments because of not feeling any pain; however, it was believed that they were able to actually check their conditions of temporomandibular joints through this study, which led them to develop a positive approach toward possible treatments. If further improved diagnostic procedures were developed based on the findings above, we believe that they could serve as a dependable framework for diagnosis of TMD.
Conclusions
This study was conducted to investigate the differences in activities of masseter muscle and temporalis muscle depending on the presence of TMD during mastication of food with various textures.
We found that muscle activities in the masseter muscle and temporalis muscle during mastication of sticky food showed significant differences from the DG and MG compared to that of the CG (p<0.05); and during mastication of hard food, it was also confirmed that muscle activities manifesting from masseter muscle and temporalis muscle displayed significant differences from both the MG and CG compared to the DG (p<0.05).
Our findings show that malalignment affects the movements of temporomandibular joints during mastication of sticky food and affects the movements of temporomandibular joints during mastication of hard food depending on the presence of pain. Therefore, this study presents information on muscle activities manifesting during mastication of food with diverse textures depending on the presence of TMD, and we hope our results will be of use in future related studies and in diagnosis of TMD. To generalize this finding, further studies with larger sample sizes are needed.
